
Award Number: DAMD17-01-1-0818

TITLE: Ethnic and Environmental Influence on Vitamin D
Requirement in Military Personnel

PRINCIPAL INVESTIGATOR: Robert P. Heaney, M.D.

CONTRACTING ORGANIZATION: Creighton University
Omaha, Nebraska 68178

REPORT DATE: October 2004

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

K 20050715 047 0I



I -Form Approved
REPORT DOCUMENTATION PAGE OMB No, 074-0188

Public reporting burden for this collection of Information Is estimated to average I hour per response, Including the time for reviewing Instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, Induding suggestions for
redudng this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY 2. REPORT DATE 3. REPORT TYPE AND DA TES COVERED
(Leave blank) lOctober 2004 Annual (1 Oct 2003 - 30 Sep 2004)

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Ethnic and Environmental Influence on Vitamin D DAMD17-01-1-0818
Requirement in Military Personnel

6.'AUTHOR(S)
Robert P. Heaney, M.D.

7. PERFORMING ORGANIZA TION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZA TION

Creighton University REPORT NUMBER
Omaha, Nebraska 68178

E-MaIl: rheaney@creighton. edu
9. SPONSORING / MONITORING 10. SPONSORING / MONITORING

AGENCY NAME(S) AND ADDRESS(ES) AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

17. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/A VAILABILITY STATEMENT "'12b. D/S'TRIBUTION CODE

Approved for Public Release; Distribution Unlimited

13. ABSTRACT (Maximum 200 Words)

The purposes of this study are to provide quantitative estimates of 1) the effective amount of vitamin D produced
in the skin as a function of skin pigmentation; and 2) the rate of utilization of vitamin D as a function of
ethnicity. The outcome will be estimates of the amount of vitamin D that must be given orally to military
personnel of differerit races and in different assigned locations so as to ensure and maintain normal vitamin D
status. In the first 27 months' work (the period covered by this report), we have accumulated about 80% of the
targeted specimens for both objectives, in a racially diverse sample. Analyses are continuing and will be
completed within the coming months. No final quantitative results will be available until all the measurements
have been made and analyzed as a unit.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Vitamin D, race, skin color 10

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OFABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39.18
298-102



Table of Contents

C over ................................................................................................ 1

SF 298 ................................ .. ..... .. ...... ................... ......... ......... ............. 2

Introduction ....................................... ............. 4

Body .............................. ... .. ... ... .......................... 4

Key Research Findings ................ , .................................. 7

Reportable Outcomes .................................................................... 7

Conclusions .............................. ...................... 7

References .................................................................................. 7

Appendices ........................................... 8

3



INTRODUCTION

The purpose of this project is to develop quantitative estimates of 1) the amount of vitamin D
produced by skin exposure to sunlight (Experiment 1, below), and 2) the amount of oral vitamin
D that must be given to supplement solar inputs so as to achieve desired vitamin D levels in
military personnel of differing races and skin pigmentation (Experiment 2, below).

This is the third annual report with respect to the above-referenced award. Although the award
was made as of 1 October 2001, authorization to proceed was not received from USAMRMC
until 15 July 2002. Hence this report, although technically covering the first three years of the
award, describes work performed only from 15 July 2002 until submission of this report, i.e., a
period of little more than two years.

BODY OF REPORT

Logistics. This project depends strongly upon a project manager with a minority background and
good community contacts. We originally selected Lisa Auberry-Adams and put considerable
effort into training her and obtaining the needed IRB certifications. Then, less than 12 months
later she left us and we had to start the process over, this time with Tamicka Bradley. Tamicka
helped greatly in pushing the project forward, but unfortunately, she, too, has left us for another
research position. Since, at the time Tamicka left, we had recruited most of the targeted
participant numbers, we decided not to replace her, but to rely upon existing Osteoporosis
Research Center staff to complete the project.

Work Performed to Date: Experiment 2. The purpose of Experiment 2 is to quantify the serum
25(OH)D response (and its physiological correlates) to summer sun exposure in persons with a
wide range of skin pigmentation. As of 30 September 2004 we had enrolled 71 individuals and
had obtained both the first (i.e., late summer) and the second (late winter) measurements for most
of them, as specified for Experiment 2. This number (71) is shy of our target of 80 participants
with the shortfall being due to the loss of a project manager in two successive years at the peak
of late summer recruitment. The racial and sex breakdown of the group recruited into
Experiment 2 is as follows:

Non-Hispanic Caucasian Hispanic African-American Totals

Male 18 3 19 40

Female 13 2 16 31

Totals 31 5 35 71

For each of these subjects we have obtained the suite of specimens/measurements specified in
the approved protocol, i.e., history of sun exposure by duration and clothing type; skin
pigmentation by reflectance meter measurement; calcium absorption efficiency; measurements
of the full set of hormones regulating the calcium economy [i.e., PTH, 1,25(OH)2D3, 25(OH)D],
as well as blood vitamin D levels themselves, urine calcium excretion, and bone densitometry.



While degree of sun exposure varied, all participants were selected because they self-reported
substantial mid-day sun exposure throughout most or all of the summer.

Results are still being analyzed, but we have sufficient data to permit several observations. Many
of them (e.g., black-white differences) were already known from other studies; our goal in this
project was to quantify them so as to develop better estimates of the amount of vitamin D
producible in the skin in persons of varying color. This will allow (along with results of
Experiment 1, below), development of evidence-based guidelines for vitamin D supplementation
of DoD personnel. Findings to date (based on data from 65 subjects) are as follows:

" African-Americans have lower serum 25(OH)D values than whites at both summer and
winter measuring points. Although we have too few Hispanic subjects for a precise
estimate, their data tend to be intermediate between blacks and whites.

" African-Americans, working outdoors, elevate their serum 25(OH)D levels to an extent
not clearly different from whites (based on data available to date).

" Neither serum calcium nor urine calcium excretion differs between the late summer and
late winter measurement times.

" Serum P TH rises s ignificantly from l ate s ummer t o I ate w inter, i ndicating t hat t he I ate
winter level of 25(OH)D is physiologically inadequate (thus evoking increased PTH
secretion).

" Calcium absorption efficiency is slightly (but significantly) higher at the late summer
measurement point. This finding, as with the PTH difference, indicates that, by late
winter, there is not only chemical evidence of vitamin D deficiency (i.e., low serum
25(OH)D), but physiological evidence as well (i.e., lower intestinal calcium absorption).
Thus, steps to correct this inadequacy are likely to produce a benefit.

Work Performed: Experiment 1. The purpose of Experiment 1 is to quantify the ethnic
differences (if any) in metabolism of known inputs of vitamin D3. It is designed to be executed
over the winter months when solar vitamin D input is minimal and total input can be controlled
by the investigators through daily oral dosing of controlled quantities of vitamin D3. Our plan
was to split the project into two phases, studying doses of zero and 1000 IU/d during the first
year of the project, and doses of 5,000 and 10,000 LU/d during the second year. We have largely
completed specimen acquisition for this Experiment, and are currently analyzing both the
specimens themselves, and the data derived therefrom. The description of results which follows
reflects analyses to date, and may vary somewhat from what we report when the dataset is
complete.

Racial and sex distribution of participants in Experiment 1 is as follows:

Non-Hispanic Caucasian Hispanic African-American Totals

Male 5 16 3 24

Female 13 9 48 70

Totals 18 25 51 94
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These numbers are above our target figure of 80 enrollees. After eliminating data available to
date from evident non-compliers, the principal data can be summarized in Figures 1 and 2,
below. ,
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The serum 25(OH)D plateau values reached on the right side of Fig. 1 are, as expected, dose-
related. However, they do not differ appreciably from comparable values already reported (1) for
an all-white sample. While we do not yet have sufficient data analyzed for a racial subgroup
analysis, the general similarity of this total sample (-60% black) to our previous all-white
sample, makes it likely that the metabolic handling of both vitamin D and 25(OH)D is essentially
the same for both races. The zero dose curve of Fig 1 also shows graphically that serum 250HD
falls across winter without additional vitamin D input. However, at 1000 IU/d, the mean serum
250HD rises to near 80 nmol/L, or close to the bottom of the healthy range.
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In Fig. 2 we plot the relationship between the doses of vitamin D used and the plateau values
achieved (see Fig. 1). The slope of this relationship, as set forth in the Figure, is approximately 1
nmol/L/gg vitamin D/day, a value that is slightly higher than the value we had previously
reported for an all-white group (i.e., 0.7 nmolfL/tg vitamin D/day) (1). This difference, if it
persists on analysis of the full dataset, probably reflects the lower starting 250HD values of this
predominantly black sample. These starting values (as Fig 1 shows) are slightly below 50
nmol/L, or about half what might be considered ideal for that time of year (Autumn) in an
unsupplemented population.

Work Plan for the Forthcoming Year. We anticipate spending most of the coming year on
completion of analysis of acquired specimens, and on data clean-up, specimen reanalysis (as
needed), statistical modeling and analysis, and report generation. Because of the late start on this
project, we will probably be requesting an administrative extension without additional funds.

KEY RESEARCH FINDINGS

Key research findings (on the still incomplete dataset) are as set forth under Experiments 2 and
1, above. In addition to the presentation d escribed in last year's progress report, a portion o f
these results were presented in poster form at the meeting of the American Society for Bone and
Mineral Research in Seattle, WA, October 3, 2004. Copies of the poster and the associated
Abstract are attached as Appendix I. Full analysis and publication must wait completion of
analyses for all the subjects during this coming year.

REPORTABLE OUTCOMES

As noted in the foregoing, the reportable outcomes from this study will consist of 1) best
quantitative estimates of skin production of vitamin D as a function of skin pigmentation and
extent of skin exposure; and 2) best quantitative estimates of rate of utilization of vitamin D 3 as a
function of race/ethnicity. Taken together, both will yield estimates of the quantity of vitamin D
that must be given to military personnel to ensure maintenance of desired vitamin D status. Since
much of the work is still underway, final quantitative estimates are not yet available. However,
from the data produced so far, it seems safe to say that we will be able to produce the projected
quantitative estimates. Moreover, secondary findings will become available and doubtless further
such will develop as we accumulate more measurements. An example of such secondary data
can be found in the Abstract and Poster attached as Appendix I.

CONCLUSIONS

None to date except as described above from partial analysis of the sample.
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APPENDIX I



A Relationship Between Body Composition and Calcium Absorption Efficiency. M.J.
Barger-Lux, M.S. Dowell, and R.P. Heaney, Creighton University, Omaha, NE
As part of an ongoing interest in sources of variation in Ca absorption efficiency (CaAbs),
we examined its correlates in data collected for another study.
The 56 subjects (23 women and 33 men) were aged 20 to 51 y at entry. All reported ample
summer sun exposure and limited non-solar sources of vitamin b. They classified
themselves as black (n=23), white (n=29), or other (n=4). Median BMI was 27.1 kg/m 2

(inter-quartile range, 23.1 to 30.5).
Data were gathered at Visit 1 (after summer sun exposure, Aug. 23 to Sept. 21) and later,
at Visit 2 (after winter sun deprivation, Feb. 1 to Mar. 15). We measured body composition
(as % body fat by DXA), constitutive skin color (by use of a portable colorimeter with a
standard color system), and CaAbs; fasting serum 25(OH)D, vitamin D3, 1,25(OH) 2D, PTH,
and Ca; and fasting 2h urine Ca-to-creatinine.
As expected, paired values for CaAbs were strongly related (r = +0.702, P<0.0001). In
these data, CaAbs was unrelated to skin color and to 25(OH)D, PTH, and 1,25(OH) 2b.
However, CaAbs and % body fat were significantly and positively related at both visits,
with a stronger relationship after controlling for BMI (r = +0.425, P<0.005 and r = +0.382,
P<0.01, respectively).
We conclude that: (1) % body fat may be an important source of variation in Ca absorptive
capacity (as an indicator of gut surface area?) and (2) further study is warranted.
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